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Abstract 
The paper shows the results from the analysis of scientific activity developed at Engineering International Congresses and 
Project Management organized by the Asociación Española de Dirección e Ingeniería de Proyectos (AEIPRO) (Spanish 
Association of Engineering and Management Project). Through the visualization of the scientific domain and by network 
analysis, we intend to provide a different perspective to the study of convergent relationships of literature developed at these 
international events. 
The results allow to approximate the scientific knowledge foundation in Project Engineering developed at AEIPRO 
International congresses between 1998 and 2012, providing descriptive results of the degree of research integration, the 
distribution of international contribution, the scientific collaboration between universities, professional and scientific 
institutions, and also identifying scientific research fronts in order to promote scientific research in this field of science, which 
is relevant due to its scope and implication in different environments. Copyright © 2014 Elsevier Science Ltd.
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1. Introduction 
Domain analysis allows an analysis of the discourse of the communities in which the discipline is formed, in 
order to understand information in a better way (Hjørland & Albrechtsen, 1995). In this case, the scientific 
community analyzed was the international congress of Engineering and Project Management organized by the 
Spanish Association of Project Engineering (AEIPRO), which is also a member of the International Project 
Management Association (IPMA). 
This analysis is attractive because it enables an assessment of a set of different nuances within the information 
generated by these events, which is very important to the scientific community for the vision, mission and goals 
that have been raised. 
This paper analyzes this great repository of scientific information in engineering and project management, from 
1998 to 2012, from a different perspective, analyzing the scientific, informative, communicative, and collaborative 
roles of the international congress in engineering and project management in order to strengthen, encourage and 
promote scientific research in this field of science, which is relevant for its large scope and implications for various 
topics. 
The methodology used for this study is based on the methodology of Börner, Chen and Boyack (2003), Marsden 
(1990) and McCain (1990), following a five-step process described in Section 2. The results show the analysis of 
scientific maps in section 3, generated from the processing of the information obtained from the International 
Congresses of AEIPRO. 
2. Methodology 
Table 1 shows the initial considerations of the research. 
Table 1. Initial considerations 
Factor Initial Considerations  
Objective -To approximate the basis of knowledge and scientific research fronts in Engineering and 
Project management developed in AEIPRO’s international congresses. 
-Provide results about the international contribution distribution and the scientific 
collaboration between universities, scientific and professional institutions. 
Type of Methodology Analytical/deductive 
Object of study Communications submitted at International Congresses in Management and Project 
Engineering 
Time scale 1998 to 2012 
Theoretical basis Visualization of Scientific Domain: Information visualization, scientific domain analysis, 
network analysis. 
Computer tools a) Scientific domains visualization software and web mapping application server for the final 
and intermediate phase of the research. 
b) Word processing and advanced programming for initial phases. 
Analysis tools Co-citation analysis1, term co-occurrence2 and co-authoring3. 
1 Co-citation is the frequency in which two analysis units (magazines, documents, key words, authors, among others) are cited by other 
documents published after them, expressing this way a progressive approach (Garfield, 1998).
2 Co-citation is the frequency in which two analysis units (magazines, documents, key words, authors, among others) are cited by other 
documents published after them, expressing this way a progressive approach (Ortega Priego & Aguillo, 2006).
3 Co-authoring is the frequency of the joint signature from a scientific job between couples of partners (people, organizations or institutions) 
(Bordons & Gómez, 2000). 
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Source: Own creation                
The theoretical basis of the research is based on the definitions, principles, theories and tools of the information 
visualization, domains analysis and network analysis, being of vital importance for the interpretation and 
understanding of the results. 
For this study, the most appropriate definition of information visualization is the proposal by Chaomei Chen 
and Natasha Lobo  (2005), who suggest that it refers to the use of maps, starting from graphic representation, so 
that by combining appropriate coding techniques for maximizing understanding and communication, and the 
different tools assisted by a computer, it is possible to explore, organize and relate information in order to 
comprehend data in a better way, discovering patterns and tendencies that are not too evident to the human eye, 
and providing new knowledge. Currently, the visualization of information has become an active research area 
which, thanks to advances in technology, has led to a new generation in the “mapping of science” (Chen, 2003). 
Domain analysis is one of the new research fronts that has arisen from a deep connection with information 
visualization, that when centered in a domain (domain visualization) provides diverse supporting techniques for 
domain analysis, helping to reveal the essence of knowledge (Chen, Paul, & O'Keefe, 2001), (Börner, Chen, & 
Boyack, 2003), (Vargas Quesada, 2005). For Hjørland and Alberchtsen (1995), domain analysis is a perspective 
based in the domain-analytical paradigm, establishing that in order to better understand information, the knowledge 
domain should be studied as part of the discourse of communities in which it is formed, as well as their 
relationship with the society in which it is developed. From the 11 methods of domain analysis, it is considered 
that bibliometric studies, also known as sciencegraphy, allows for showing and describing tendencies in different 
areas of knowledge through the relationship of documents (Hjørland, 2002), (Garfield, 1994). 
Sciencegraphy is based in social networks, so as to represent the science as a complete set, explaining the 
node’s behavior through its relationships (Wasserman & Faust, 1998), allowing visualization of the real 
relationships between nodes or actors that represent authors, institutions, scientific researches, etc, and the links 
that are the knowledge that these actors exchange. They also allow for revealing interactions, relevance, evolution 
and the domain emerging fronts that are being analyzed (Chen, Borner, & Boyack, 2003), (Noyons, Moed, & 
Luwel, 1999), (White & McCain, 1997), (Liberman & Bernando Wolf, 1997). Social networks and their analysis 
can mean a quantitative and qualitative jump in the representation and structure analysis of all types of scientific 
domains, whether geographic, thematic or institutional (Vargas Quesada, 2005).  
The analysis process was done in five steps. In the first place, a bibliographic review of the analysis of 
scientific domain was done, in order to identify the techniques and tools that helped in developing the 
communication. The main sources reviewed were the research work of Felix de Moya (2005) (2010), Antonio 
Perianes (2007) and Gerson La Rosa (2012). Then, we proceeded to collect the information analyzed, storing 
3203 scientific documents, from which the accepted articles between 2002 and 2012 were extracted from the 
database available from the association’s webpage, while the rest were provided by AEIPRO. Later, the 
construction of bibliographic records was done through their standardization with a pre-established format 
defined in the research platform “Web of Knowledge” (Thomson Reuters, 2013). It is worth noting that this phase 
was the most delicate, given that the format’s integrity determined the quality of scientific maps generated 
afterwards. As fourth step, a study of the visualization software to use was done. The analysis and selection was 
based in the researches on domain visualization (Guerrero & La Rosa Lama, 2012), (Cobo, López-Herrera, 
Herrera-Viedma, & Herrera, 2011),  the chosen programs being Citespace II II (Chen, 2004) and Vosviewer (Van 
Eck & Waltman, 2010), becausethese would allow meeting the objectives set. Finally, in a fifth step we did the 
analysis and visualization of the scientific domain, which is based on four analyses: co-citation of documents 
and co-citation of authors from which the basis of scientific knowledge in engineering and project management 
approximates developed in AEIPRO’s international congresses; co-ocurrence of terms to present the thematic 
fronts of research that frame the accepted documents; and finally, co-authoring of institutions, providing results 
about the distribution of international contribution and scientific collaboration between universities and scientific 
and professional institutions. 
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3. Results  
3.1. Approximation of the knowledge basis and scientific research fronts in engineering and project management 
According to the map generated from co-citation of documents (see Figure 1), the proportion of connections in 
the network is low related to the possible total connections among the documents submitted. Also, we see islands 
of scientific research, which is the result of different thematic discussions in the congress. The confluence of the 
colors indicates that the proximity of the basis of scientific knowledge experiences a constant evolution, as each 
color represents the year in which the document was cited (see scale of colors at the bottom of Fig. 1) 
Figure 1. Documents cocitation analysis. Source: Own creation from CiteSpace II 
Figure 2 lists the documents that have high levels of citation, emerging documents, over a period of time and 
perceived as nodes colored red in Figure 1. Among the main documents, we can mention the analytical hierarchical 
process (AHP) of Saaty, T., the Project Management Guide (PMBOK) created by the Project Management 
Institute, the fundamental aspects of Project Theory and its applications in its most modern conception as described 
in the books of Gomez-Senent, Trueba, De Cos and Capuz, the integral development of products and eco-efficient 
processes of Ficksel, the systemic approach of Pahl, G.’s design engineering, and the methodological approach for 
Blasco J.’s teaching improvement. 
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Figure 2. Emerging documents. Source: Own creation from CiteSpace II 
The map generated from the co-citation of authors (see Figure 3) allows for an appreciation that there are 
numerous islands of authors comprised by two nodes that have low levels of citation and therefore cannot be 
appreciated in the map shown. In contrast, there is a group of very dense authors that  are seen due to their high 
level of co-citation, and whose contributions are commonly used in the scientific community (Cazorla, Cano, 
Kerznerh, AEIPRO, PMI, Rodriguez, Ordieres, De Cos, Blasco, Gomez-Senent, Alvarez, Saaty, Capuz, among 
others). 
Figure 3. Authors’ co-citation analysis. Source: Own creation from CiteSpace II 
By doing the two analysis performed so far, we perceive that there is a low level of interaction in congress 
researches, due to the existence of small groups of researchers and authors which are very interrelated, and which 
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have been developed since the first years of the congress, and also a vast majority of researchers and authors that 
remain isolated. This makes us question whether the visualization mechanisms of the research results from the 
congress are appropriate, as well as considering applying information technology on a large scale that allows for 
facilitating the search, visualization and extraction of scientific literature from international congresses.  
For the purpose of identifying the scientific research fronts of engineering and project management, we apply 
the terms of occurrence analysis using the visualization software Vosviewer. When doing multiple analyses with 
different terms of a document (title, key words and summary), we find that the analysis which evaluates only the 
field of the documents titles is the most appropriate when showing the most important terms of scientific domain.  
In Table 2, we can identify algorithmically 10 groups of research fronts that are listed through the same 
software. To obtain this result, the binary counting method (Van Eck & Waltman, 2010) was applied, and we 
filtered the terms found with a concurrence level more than 5. 
Table 2. List of terms grouped, according to the list of communications. 
Planning Social Areas of Processes of Engineering costs 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 
approximation rural areas quality direction automation 
construction implementation creativity selection manufacturing 
edification programming design manufacturing modeling 
integration sustainability information location process 
structure elaboration organization improvement cost
reutilization experience technology modeling control 
planning development, study proposal process estimation 
influence, land Industry, region prevention production optimization 
engineering, data problem, review risks, execution residue software 
security, plan identification viability, web appreciation product 
software, basis indicators, sector team, analysis budget 
Transport Competences Studies Education Innovation 
Cluster 6 Cluster 7 Cluster 8 Cluster 9 Cluster 10 
case studies adaptation, company analysis knowledge creation, ideas 
community cooperation decision training innovation 
methodology organization method innovation information 
design classification prediction research order 
transport certification, roles selection simulation evaluation 
analysis skills, director study, solutions management integral 
Source: Own creation from VosViewer 
In order to define the label of each group, we use the terms identified in the analysis of terms concurrence and 
the review of bibliographic records. 
3.2. Scientific collaboration and distribution of international contribution 
Through the co-authorship analysis of institutions shown in Figure 4, we intend to represent the scientific 
collaboration networks between universities and professional institutions that have participated in international 
congresses. In the analysis, institutions that have a citation level of more than 2 and a co-citation level of more than 
3 have been filtered, so four network sets of different dimensions can be seen, where are manifested the different 
types of interactions among the universities of the world. 
In the first group, the Universitat Politècnica de València and the Universitat Politècnica de Catalunya are the 
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ones that stand out the most within their group and within the map shown, with contributions from the first years of 
the event. This group keeps a collaboration with Latin-American institutes such as the Instituto Tecnológico de 
Ocotlan. In groups #2 and #3, we see small clusters. The second group is comprised by the Universidad de Murcia, 
the Universidad Politécnica de Cartagena and the Universidad de Granada, while the third group is a central axis of 
the subgroup the Universidad de Extremadura, which has a strong collaborative relationship with the Agencia 
Extremeña de Energia (Agenex) (Extremeña Agency of Energy) and the Escuela Superior de Tecnología y Gestión 
(College of Technology and Management) from the Instituto Politecnico de Portalegre. And in group #4, a group 
of Spanish universities stand out, such as the Universidad Politécnica de Madrid (Polytechnic University of 
Madrid), Universidad de La Rioja, and Universidad de Oviedo, among others, that maintain relationships with 
Latin-American institutions like the Universidad de Piura and the Colegio de Postgraduados de México (Mexico 
Postgraduate school) and with European universities like the Universidade do Minho. 
Figure 4: Scientific collaboration produced in the congress of AEIPRO. Source: Own creation using Citespace II 
When doing a scientific collaboration study by continents, the results indicate that from the total of documents 
submitted and accepted by AEIPRO (3203 documents), it emerges that nearly 89% come from European countries, 
and when analyzing them by countries we find that approximately 14% come from foreign countries, that is to say, 
not from Spain. The most prominent foreign countries are: México (97 communications), Venezuela (90 
communications), Chile (55 communications), Colombia (38 communications), Portugal (31 communications), 
Brazil (29 communications) and Peru (21 communications). In 2010, we got the highest percentage in foreign 
cooperation (19%). However, in the last two years, the percentages have reached a maximum of 14% (see Table 3). 
In order to visualize the contribution and the scientific collaboration between countries, the mapping application 
server used is the Google web (Google Maps). In Figure 5 we see a further development of publications that are a 
product of joint work between institutions in Spain and institutions in American countries. There is a greater influx 
of scientific papers in Europe, but this comes from fortifying partnerships and inclusion of countries in other 
continents that are consistent with the importance and implications of Engineering Projects seeking to participate 
in the scientific development in the field, such as Japan, Russia and South Africa. Notably, there are 183 
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documents that were developed with international collaboration between institutions from Spain and institutions 
from foreign countries: Mexico (41 communications), Venezuela (34 communications), Chile (26 
communications), Colombia (22 communications), Peru (13 communications) and other countries (69 
communications). 
Table 3. Distribution of international contribution
Country 
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TOTAL 
SPAIN 197 148 228 201 157 190 231 162 215 235 210 177 211 186 197 2945 
MEXICO 1 4 6 1 8 5 10 8 11 8 18 11 6 97 
VENEZUELA  3 1 6 6 5 3 15 10 15 11 5 1 9 90 
CHILE 2 1 12 2 3 3 5 6 3 4 7 5 2 55 
COLOMBIA 2 2 2 2 1 3 9 6 4 2 2 1 2 38 
PORTUGAL 1 1 6 1 2 10 6 4 31 
BRASIL 8 4 4 1 1 1 2 2 4 2 29 
PERU 3 3 3 1 1 5 4 1 21 
OTHERS 18 2 11 1 11 5 14 10 2 7 2 2 4 6 5 100 
Foreign 31 6 19 7 38 22 40 27 44 40 37 40 51 28 31 461 
Foreign (%) 14% 4% 8% 3% 19% 10% 15% 14% 17% 15% 15% 18% 19% 13% 14% 14%
Source: Own creation  
Figure 5. Contribution and international collaboration. Source: Own creation using Google Maps 
4. Conclusions 
An approach to the knowledge base shows that there are small islands of research and authors isolated from the 
main network, which raises the need to promote and enhance a scientific institutional repository for best use in 
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order to strengthen the direction and generate innovations, greater benefits and contributions in the field of 
engineering and project management. 
In the analysis of scientific collaboration there are two major collaborative groups with different dynamics that 
would benefit from being dissolved and connected to two smaller groups. 
To enhance the impact of the congress in the distribution of international contribution, mechanisms and policies 
that promote international participation could be implemented, such as virtual presentations and indexing of 
publications. 
In the analysis of the scientific research fronts of engineering and project management, we have identified ten 
directions of research in the last 15 years that could be used to establish and improve research topics, as well as 
emerging terms in the future that may achieve a remarkable development, as is the case of innovation in 
engineering and project management and comparative studies. 
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